Mexico has one of the richest tropical forests, but is also one of the most deforested in Mesoamerica. Species lists updates and accurate information on the geographic distribution of species are necessary for baseline studies in ecology and conservation of these sites. Here, we present an updated list of the diversity of amphibians and reptiles in the Lacandona region, and actualized information on their distribution and conservation status. Although some studies have discussed the amphibians and reptiles of the Lacandona, most herpetological lists came from the northern part of the region, and there are no confirmed records for many of the species assumed to live in the region. After reviewing databases of scientific collections and published herpetological lists, and adding new information from our 2007 to 2013 inventories of the southeastern Lacandona rainforest, we recorded 124 species (89 reptiles and 35 amphibians) for the region. Nine amphibians (25.7%) and 2 (2.2%) reptiles are endemic to the Mayan forest (from the Lacandona, in Mexico, to the Mayan Mountains in Belize). Four amphibians and three reptiles appeared to be restricted to the Montes Azules Biosphere Reserve, suggesting that they are particularly vulnerable to habitat loss and degradation. On average, the region shares less than 60% of the species with neighboring Mexican tropical forests (e.g., Las Choapas region and Los Tuxtlas, Calakmul, and Sian-Ka'an Biosphere Reserves). Of the herpetofauna evaluated, the Mexican government threatened species list (NOM 059) indicates that seven species (20%) are under a risk category, while the IUCN indicates that only seven species (10.1%) are at risk. Our findings indicate that Lacandona is of great importance for the conservation of the Mesoamerican herpetofauna. Nevertheless, increasing deforestation levels add further uncertainties to the maintenance of amphibians and reptiles among other vertebrates in the region.
Introduction
Biotic surveys and information on geographic distribution of the species are essential for biogeographic studies, and can provide a baseline for ecological and biodiversity conservation studies as a whole [1, 2] . This information is particularly important for amphibians and reptiles, as they are among the most threatened vertebrate animals in the world [3, 4] . It is critical to improve herpetological surveys within wet tropical forests, the most species-rich biome on Earth [5] , but at the same time, the most deforested and fragmented biome worldwide [6] . Deforestation and fragmentation are among the most important human-induced threatening factors for amphibians and reptiles [3, 4, 7] , and monitoring habitats under degradation is urgent to assess real threats on species of these groups.
During recent decades, declines in the net rate of forest loss have been reported for some Neotropical countries (e.g., Mexico, Costa Rica, Panama, Puerto Rico; [6] ), but deforestation in highly diverse tropical wet forests is still increasing [8] . This is particularly evident in Mexico, where wet tropical forests showed a net loss of 7,647 km 2 between 2000 and 2010 [8] . The Lancandona region has the largest rainforest remnant in Mexico, and one of the most important in Mesoamerica [9] . Although some large protected areas have been established within the region, including the Montes Azules Biosphere Reserve (ca. 331,000 ha), the Lacantún Biosphere Reserve (61,874 ha), the Communal Reserve Sierra La Cojolita (42,000 ha), several other Flora and Fauna Protection Areas (e.g., Chan-Kin, Metzabok, and Naha) and Natural Monuments (Bonampak and Yaxchilán), it has suffered a particularly high annual deforestation rate over the last four decades, particularly in the Marqués de Comillas and Ocosingo municipalities where 2.1% per year of the forest was lost between 1990 and 2010 [10] . Contemporaneous human colonization and expansion of the agriculture started in the late 1950´s, and nowadays, with a population over 10,000 people [11] , only about 31% of the original old-growth forest remains outside the protected areas [10, 12] .
The Lacandona rainforest is highly diverse in terms of faunal species richness, with at least 112 species of mammals and 345 species of birds among vertebrates [13, 14] . The herpetofauna in the region is also highly diverse, but the total number of species is still uncertain. Although hepetofaunal studies in the region started in the first half of the twentieth-century with Smith and Taylor expeditions [15] , the first formal species list was published in 1992 [16] , indicating a species richness of 23 amphibian and 54 reptile species for the region. Other complementary local studies have reported lower numbers of species, e.g., 14 amphibians and 41 reptiles for the Yaxchilán area [17] . Most species lists are preliminary, and focus on the northern part of the region, and many species were simply considered as "possibly present in the region" [16, 17] with no observation, photograph or voucher specimen available to certify them.
Here, we provide a comprehensive herpetofaunal survey in the Lacandona region to assess current composition, habitat type, distribution and conservation status of the amphibian and reptile species. Our study was largely based on four years of field work in the less surveyed southern portion of the Lacandona region, intensive literature review, and databases from scientific collections, noting the uniqueness of the herpetofauna composition of the Lacandona region compared to other neighboring tropical forest areas in Mexico and Guatemala.
Methods

Study Area
The Lacandona region is located in the southern part of Chiapas, Mexico (100 to 1,500 m elevation; Fig. 1 ). The region has an extension of 13,000 km 2 , bordered to the north by the Mexican state of Tabasco and the Chiapas highlands, and to the south and east by Guatemala; Palenque National Park represents the northernmost limit of the region [18] . The Lacandona rainforest represents the westernmost part of the Mayan forest, which extends through Guatemala to the Belize Mayan Mountains, and north to the middle portion of the Yucatán Peninsula. Altogether it represents the largest forested area in Mesoamerica [19] . Several vegetation types comprise the Mayan forest. In the northern part, the Yucatán Peninsula (Calakmul and Sian Ka´an in Mexico) and northern Petén (in Guatemala), the vegetation is tropical seasonal dry forest (TDF) and evergreen tropical wet forests (TWF) in southern Petén, Cobán and Alta Verapaz (Guatemala); Lacandona (Mexico) and the Mayan Mountains (in Belize) the vegetation is tropical moist forests (TMF) and tropical wet forests (TWF; Table 1 , [20] ).
Herpetological inventories
Surveys were focused on low (< 500 m elevation) tropical rainforest areas, with a hot and humid climate (e.g., mean annual precipitation and temperature of 2,874 mm and 25 °C, respectively; [18] ), along two adjacent areas separated by the Lacantún river: the Marqués de Comillas region (MCR) and the Montes Azules Biosphere Reserve (MABR), located in the southeastern Lacandona region at approximately 16°04' N; 90°45' W, with an altitude range of 100-500 m elevation ( Fig.  1 ). In MCR, approximately 31% of the forest extends over different-sized forest fragments (< 1 to > 1,500 ha), surrounded by secondary forests, pastures, and agricultural lands [12] . The MABR is a fully preserved old growth natural forest [18] .
Inventories were conducted during 2007 (February, April, July, September, November), 2008 (January, March, July), 2010 (July, October), 2011 (March and August), 2012 (May and June) and 2013 (February) as part of a M.Sc. thesis [21] and a Ph.D. thesis (O. Hernández-Ordóñez, unpublished data). In MCR, inventories were done in all available landscape elements in the region, including areas of continuous old-growth forest, old-growth forest patches, secondary forests, crops, bean fields, cocoa plantations, pastures, rivers and streams, human settlements, Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org 4 and roads. We used multiple sampling techniques, including visual encounter surveys, acoustic encounter surveys, drift fences, pitfall traps, and boat tours through the Lacantún river (see details in [22] [23] [24] ). We also included roadkill records and those of species found during fieldwork of other research projects carried out in the region. All collected specimens were sampled for DNA sequence, carefully prepared and shelved in the Colección Nacional de Anfibios y Reptiles, Instituto de Biología, UNAM. 
Species list of amphibians and reptiles
To update the list of amphibians and reptiles in the Lacandona rainforest, we reviewed all publications and range distribution notes from the region ( [15] [16] [17] [25] [26] [27] [28] [29] [30] [31] [32] [33] ; Fig. 2 ). We also consulted databases of the Colección Nacional de Anfibios y Reptiles (CNAR) of the Instituto de Biología and the Museo de Zoología (Facultad de Ciencias), both at the Universidad Nacional Autónoma de México (Mexico City), and the Global Biodiversity Information Facility and HerpNet databases. We considered only the records from specimens shelved in scientific collections, with a catalog name and number. 
Conservation status, geographic distribution, and habitat use
To assess the habitat used by each species, we considered only our herpetological surveys in the southeastern area of the Lacandona region. The geographic distribution of each species was evaluated based on information from different publications [15, [34] [35] [36] [37] [38] . Finally, we reviewed the conservation status and population trends of each species reported by the Mexican government threatened species list (NOM 059; [39] ) and the IUCN Red List of Threatened Species [36] .
Comparison with other Neotropical forests
To assess the importance of the Lacandona rainforest for the conservation of amphibians and reptiles, we compared the species richness and composition of amphibians and reptiles in this region with those found in other neighboring and well-studied Neotropical forests ( Fig. 3 ; Table  1 ). Because we do not have data on the abundance of individuals within each study site, we based our comparisons on the Jaccard similarity index, which is based on presence/absence data [40] .
The analysis includes all published species lists from the Guatemalan Mayan Forest [15, 34] , the Calakmul [15, [41] [42] [43] [44] and Sian-Ka'an Biosphere Reserves [15, 45, 46] in the Yucatán peninsula, farther sites such as Los Tuxtlas [47] [48] [49] and El Ocote Biosphere Reserves [50] [51] [52] , and a wellknown, not preserved area in Las Choapas region (southern Veracruz [53] [54] [55] . In all these comparisons, we considered only species reported for lowland tropical forests (0-500 m elevation). In general, Los Tuxtlas and Las Choapas, used as comparison sites, have tropical wet forests (with annual precipitation > 2,000 mm); and El Ocote has tropical dry forest (with annual precipitation < 2,000 mm) and tropical moist forest (with annual precipitation 2,000-2,800 mm; Table 1 ).
Results
Updated inventories
Our research, including our herpetological surveys and revision of scientific collection databases and published herpetological lists, revealed a total of 35 species of amphibians and 89 species of reptiles for the Lacandona rainforest ( Table 1 ; Appendix 1). Among amphibians, the anurans had a high number of species (30 species), followed by salamanders (four species), and caecilians (one species). Squamates was the richest group among reptiles, with 51 species of snakes and 29 species of lizards, followed by seven turtles and two crocodiles ( Table 1 ). We also found evidence for the probable occurrence of five additional species of amphibians and 16 species of reptiles based on the extrapolation of species distributed in the Guatemalan Mayan forest, as suggested by Lazcano-Barrero et al. [16] , Lee [15] and Campbell [34] ; (Table 2) . 
Comparison with other neighboring tropical forests
The herpetofauna diversity found in the Lacandona rainforest (125 species) is notably richer than that recorded in other neighboring tropical regions in Mexico (Las Choapas, El Ocote, Calakmul, and Sian-Ka'an), but poorer than others (Los Tuxtlas in Mexico, and the Guatemalan Mayan forest; Table 1 ). We found important differences between the composition of evergreen tropical wet forests (Los Tuxlas, Las Choapas, and El Ocote) and seasonal tropical dry forests (Calakmul and Sian-Ka'an; Fig. 3 ). Both amphibian and reptile assemblages of the Lacandona region were very similar to those found in the Guatemalan Mayan forest, with 81% of shared species in the case of amphibians, and 75.8% for reptiles ( Fig. 3 ). These two rainforests shared 54% of the species with the Los Tuxtlas rainforest. However, neighboring tropical dry forests were very similar to each other, only sharing between 50% and 51% of the amphibian species and between 46% and 48% of the reptile species with the Lacandona rainforest ( Fig. 3 ).
Conservation status and population trends
Mexican government threatened species list (NOM 059; [39] ) considers that eight species of amphibians (22.8%) and 24 species of reptiles (26.9%) are subject to "Special protection," eight species of reptiles (9%) are "Threatened", and one species (1%) is "Endangered" (Appendix 1). This list, however, does not address species not considered threatened, or lacking ecological data.
All amphibian species recorded from the Lacandona rainforest have been evaluated by the IUCN [36] . Compared to NOM 059 list, the IUCN lists only one species of amphibian as "Endangered;" four as "Vulnerable;" and, three as "Near threatened" (Appendix 1). The remaining 25 species are considered of "Least Concern" and two species with "Data deficient" (Appendix 1). For reptiles, the IUCN has evaluated only the conservation status of 34 species (38.2% of the species reported for the Lacandona region). Only one species is classified as "Critically Endangered;" one as "Vulnerable," and five as "Near threatened." The remaining 27 species are of "Least Concern" (Appendix 1).
Considering all species recorded for the Lacandona, the IUCN identifies 12 amphibian species (34.3%) with population sizes decreasing, 16 species (45.7%) with stable populations, three species (8.6%) with increasing population sizes, and four species (11.4%) with unknown population trends. Within reptiles, most of the 34 species evaluated by IUCN (76%) have stable populations, and only one species (3%) has its population increasing, four (12%) have decreasing trends, and there is not enough information on the population trends of three species (9%; Appendix 1). 
Discussion
The number of amphibian and reptile species found in the Lacandona rainforest is particularly high (124 species; Table 1 ) and only the Los Tuxtlas rainforest (Veracruz, Mexico) and the Guatemalan Maya forest showed higher species richness (145 and 137 species, respectively). The Lacandona region is therefore one of the most species-rich Mexican forests in terms of herpetofauna.
It is particularly interesting that almost 25% of the amphibian species and 2% of the reptile species are endemic to the Lacandona and neighboring areas, and that Lacandona shares less than 60% of the species with neighboring Mexican tropical forests (Fig. 3) . These results highlight the relevance of this region for the conservation of amphibians and reptiles. The Lacandona rainforest covers only 0.66% of the Mexican continental territory (about 2,000,000 km 2 ), but contains approximately 9.4% and 11% of the total number of Mexican amphibian and reptile species diversity, respectively [32, 37, 56] . These figures are of particular importance considering that Mexico is the second and fifth country in the world in numbers of reptile and amphibian species, respectively [57] .
Climatic and biogeographic factors may explain differences in species composition between the Lacandona and other Mexican tropical forests. From a climatic point of view, in the northwestern part of the Mayan forest (Calakmul and Sian Ka'an) the vegetation is dominated by seasonal forests with less rainfall and humidity levels, and soils with very low water retention capacity [58] . These conditions may cause the absence of some amphibians as [49] ) that are not present in the Lacandona region. The Lacandona region is more strongly influenced by the El Péten herpetofaunistic province [59] , which includes the Guatemala Mayan forest, explaining why the Lacandona region shares up to 80% of species with the Guatemala Mayan forest (Fig. 3) [15, 35, 36] . The Mexican government considered them as part of its species protection policies. This is particularly important to prevent their extinction, considering the strong deforestation rates that Guatemala is facing [8, 60] . [32] , Bolitoglossa mulleri and Craugastor palenque are marginally distributed in Mexico, although their distribution range extends into Central America. These species tend not to be included in any risk category by Mexican standards, because they are not endemic. However, we consider that every country has the obligation to take care of its biota, independently of the species endemicity or distribution range. Local evaluations therefore need to consider only data of local populations. Preserving these species within country boundaries will provide additional local protection to every species worldwide. Four amphibian and three reptile species endemic to the Mayan forest appeared to be restricted to the Montes Azules Biosphere Reserve, suggesting that they can be particularly vulnerable to habitat loss and degradation.
The major threats affecting amphibian and reptile diversity are habitat loss and forest degradation [3, 4] . Within the Mayan forest, most amphibian and reptile species inhabit the evergreen wet forest along the Lacandona rainforest, the southern portion of the Guatemelan Mayan forest, and the southern Maya mountains in Belize [61, 62] (see [15, 34] ; Table 1 ). The Mayan forest is considered one of the largest tropical forests worldwide [19] and a diversity hot spot [63] . Unfortunately, during recent decades the evergreen wet forests have been extremely fragmented and deforested [8, 60] . During the last four decades the Marqués de Comillas region in the Lacandona area (Fig. 2 ) has lost about 69% of its original forest cover, mainly to establish cattle ranches and agricultural lands [10] . In this scenario, the long-term conservation of amphibians and reptiles diversity in the Lacandona and Mayan forests is uncertain. Severe habitat modification caused by habitat degradation, fragmentation or habitat loss, will affect more amphibian and reptile species than any other vertebrate group. As ectotherms, their daily activity and fitness directly depend on environmental conditions [64, 65] , and drastic shifts in environmental conditions caused by habitat modification could alter significantly their reproduction and survival performance [3, 66, 67] . Contrary to large mammals, bats, and birds, the low vagility of amphibians and reptiles will constrain their movements to other sites after habitat modification.
Synergic negative effects on the herpetofauna could emerge from global climate change and forest fragmentation [68] . Increasing environmental temperature and decreasing rainfall could be especially critical for the herpetofauna in deforested areas and small forest fragments. The low dispersal capabilities of amphibians and reptiles make their movements between fragments very limited, preventing movement from unfavorable to favorable habitats [66, 67] . Although vegetation corridors could allow these species to move between habitats [68] , the spatial configuration and functionality of such corridors needs to be studied.
Amphibians and reptiles face other important threats in fragmented landscapes, directly related to human activities such as hunting, or killing out of fear. The Central American River Turtle (Dermatemys mawii) is the most threatened species in the Lacandona region (Appendix 1), as it has been widely hunted and consumed [69] . However, other reptile species as Iguana iguana; Boa (Boa constrictor), Lancehead (Bothrops asper), Central American Snapping Turtle (Chelydra rossignonii), American crocodile (Crocodylus acutus) are principally hunted for their skin, eggs, or simply out of fear ( [16] , personal observation). Further studies are required to quantify the impact that these activities may have on the population size and structure of these and other threatened species.
Today there is a strong debate about the role played by secondary forests in maintaining biodiversity in human-modified landscapes [70, 71] . This role depends on the extent of old-growth forest remaining in the landscapes, the degree of connectivity among forest fragments, and the regimes of agricultural land uses [71] . In landscapes where remaining forest and connectivity are high, secondary forests may harbor high levels of biodiversity. Yet when agricultural landscapes are dominated by permanent monocultures extended over most landscape areas, secondary forests tend to be impoverished in biodiversity [71] . The Lacandona landscape is still in the middle of these two extremes, as it maintains about 31% of forest cover (including old-growth and secondary forests) immersed in a heterogeneous matrix of cattle pastures, shrub crops, tree crops and human settlements. However, extensive cattle pastures and oil palm plantations have increased over time [10] . Ecological studies in the Lacandona show that between 38 to 88% of the amphibian and reptile species found in old-grown forest are absent in secondary forests up to 25 years old [21] . We can predict that if current land-use changes continue, we could witness a strong decline of amphibian and reptile diversity in the following years in the region.
Implications for conservation
In the face of strong habitat modification rates in the Lacandona and other neighboring tropical rainforests, it is urgent to consider several management strategies to conserve amphibian and reptile faunas and biodiversity as a whole [71] [72] [73] . These strategies include: (1) to protect forest remnants with the participation of local, municipal, state, or federal governance mechanisms; (2) promote and support agroforestry and agro-ecological systems based on poly-cultures and compatible with conservation; (3) the inclusion of lengthy fallow periods; and (4) the restoration of degraded lands. Also, long-term monitoring programs of species diversity within reserves and agricultural landscapes are necessary to assess population and community trends, as well as the conservation status of the species and the effects of land-use policies and practices on such status. Finally, the creation and protection of new forest reserves are also urgent, particularly those with the participation of local people. Considering that Lacandona is part of an international forest (the Mayan forest), multinational conservation strategies should be enforced. The Mesoamerican Biological Corridor -a system of land planning coordinated by the governments of several Mesoamerican countries -would help to maintain the connections among Lacandona reserves in Mexico, Guatemala and Belize. Such actions could have a crucial positive impact for the conservation of the herpetofauna in this Mesoamerican biodiversity hotspot [63] . 
